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The Clinician s Approach To
Drug Interactions

HOWARD F. MORRELLI, M.D., AND KENNETH L. MELMON, M.D., San Francisco

U Drug interactions are important causes of both unexpected toxic and
therapeutic effects. Adverse reactions due to drug interaction are pro-
portional to the number of drugs given and the duration of administra-
tion. Although drug interactions may be beneficial, they are most often
recognized when they increase mortality or morbidity. The frequency of
adverse drug interactions in clinical practice makes it mandatory for
physicians to know the drugs and mechanisms involved.

A drug may potentiate or antagonize the effects of another drug by
direct chemical or physical combination, by altering gastrointestinal
absorption, by influencing metabolism, transport, or renal clearance,
by changing the activity of a drug at its receptor site, or by modifying
the patient's response to the drug by a variety of means.

This article stresses the importance of avoiding multiple drug ther-
apy. When such treatment is unavoidable, patients must be carefully
observed for evidence of intensified or diminished drug effect. Only
this permits the detection and prevention of untoward drug interactions.

IN RECENT YEARS facts have become known that
make the common but irrational practice of poly-
pharmacy untenable. Conservative estimates of
adverse drug reactions have soared despite the
shortcomings of incomplete or biased sampling of
patients due to: (1) lack of objective criteria of
what actually comprises a reaction, (2) incomplete
reporting by physicians and (3) the natural reluct-
ance of physicians or paramedical personnel to
attribute an adverse change in a patient's condition
to the drugs selected for his treatment.' Despite
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the many factors that lead to underestimation of
reaction incidence, it has become unequivocally
clear that a major determinant in the development
of toxic effects is the number of drugs administered
during any period to a patient.2 Mistakes in ad-
ministering drugs are encountered when more than
a single compound is ordered.3 Adverse reactions
fe directly proportional to the number of drugs
given and the duration of administration.4 Since
the average in-patient receives six drugs daily,4 it
is no wonder that reaction rates are high.

These reactions are of practical importance:
they cause mortality, morbidity, increases in dura-
tion of hospital stay and requirements for extra
medical attention, patient inconvenience and ex-
pense. Their additional importance extends to
public health considerations. During a time of
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overtaxed medical facilities we cannot afford sig-
nificant iatrogenic contributions to the burdens
put upon them.'

Potent therapeutic agents cannot be withheld
from a patient whose disease may be ameliorated
by their use. Unfortunately, potent agents carry
with them serious risks, as part of their primary
pharmacologic action or as side effects. The ra-
4ionale of drug choice and the need for multiple
drugs must be firmly established on both clinical
and pharmacological grounds. When polypharmacy
cannot be avoided, an awareness of the frequency
and recognition of early reactions is mandatory.
Such reactions or interactions may be recognized
as a frank adverse effect, or more frequently by
the subtle loss or exaggeration of the clinical effect
of one of the drugs being given.

This article reviews the known basic mechanisms
involved in drug interactions and gives examples
of clinical importance. These examples are not
intended to be complete, but provide the basis
of facts already known. Extension of these prin-
ciples will provide a valuable means for the de-
tection of additional interactions, and ultimately
may be a means of detecting other problems, such
as pharmacogenetic anomalies in drug metab-
olism.6

General Considerations
Drug interactions may be clinically helpful,

(probenecid extends the half-life of penicillin7) or
harmful, (phenylbutazone and indomethacin may
cause bleeding in patients taking coumarin anti-
coagulants8.9). They may increase (see above),
or decrease the half-life of the involved drugs
(phenobarbital decreases cortisol1O). They may
augment (insulin and sulfonylureas) or antagonize
(thiazide diuretics and sulfonylureas11) the desired
pharmacologic effect.
The number of drugs involved in interactions

is too great to permit memorizing them by trade
names. Classification by pharmacologic group and
mechanism of interaction is feasible. This ap-
proach helps in diagnosing an interaction, in pre-
dicting its effects and duration, and in selecting the
most logical and effective therapy for the patient.
An interaction may be the result of: (1) a direct

physical or chemical combination, (2) altered gas-
trointestinal absorption, competition for protein
binding sites or receptors, (3) increased or de-
creased metabolism of drug by induction, activa-
tion, or inhibition of drug metabolizing mi-

crosomal enzymes, (4) alteration of acid-base
equilibrium and thereby drug distribution and renal
clearance, and (5) alteration of hemodynamics or
renal function that influence rates of renal excre-
tion. Examples in each of these categories will be
cited and the pharmacologic groups of drugs par-
ticularly likely to be associated with drug interac-
tions will be reviewed.

Direct Chemical or Physical Interactions
Direct interactions usually depend on formation

of low-energy chemical bonds (hydrogen, ionic
and non-covalent). Sometimes the interaction
may be useful: The anticoagulant effect of heparin
is reversed by binding to protamine. Chelating
agents such as ethylenediaminetetracetate have ap-
plication in selected cases of hypercalcemia or lead
poisoning. Chemical interactions may diminish
the desired pharmacologic effects of drugs: Tetra-
cyclines are chelating agents, and gastrointestinal
absorption of these antibiotics is inhibited when
given simultaneously with antacids containing mul-
tivalent cations (for example, Ca++, Mg++, or
Al+++).l Cholestyramine, a drug useful for pru-
ritus in biliary cirrhosis by virtue of its ability to
bind bile salts in the gastrointestinal tract, may
also bind a variety of drugs within the gastroin-
testinal lumen, preventing their absorption.13 Kao-
lin-containing compounds have been shown to
limit the gastrointestinal absorption of the anti-
biotic lincomycin.1I Heptobarbital reduces the in-
testinal absorption of bishydroxycoumarin.15 Many
drugs are incompatible chemically or physically
and cannot be used together in intravenous solu-
tions. A recent report lists 104 such drugs, some
of which are incompatible with 20 other drugs
or vehicles.16 A handbook of chemistry or a
knowledgeable pharmacist should be consulted be-
fore therapy with such drugs is begun.

Interactions During Intestinal Absorption
Many factors influence drug absorption from

the intestinal tract. Primary phenolic amino acids
compete for the same sites for transport. Drugs
like alpha-methyl-dopa (an amino acid) might be
absorbed slowly when other natural amino acids
are ingested in foodstuffs. The state of ionization
(determined by the pK), the molecular weight and
the polarity of a drug are also factors in absorp-
tion. Many drugs are weak acids or weak bases
and the proportion of ionized drug is dependent
on the pH of its milieu. Un-ionized compounds
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TABLE 1.-Interactions in Transport

Many drugs are reversibly bound to plasma and
tissue proteins, particularly acidic drugs. Only
free drug exerts pharmacologic effect. If a very
highly bound drug like B is given with a moder-
ately bound drug like A, the bound form of the
latter is displaced, enhancing A's effects. See
text for qualifications.

Percet Bindg Percent Binding
Drug A Drwg B

Plasma ............ 1 Free 0.1 Free
9 Bound 0.9 Bound

Cells .1 Free 0.1 Free
89 Bound 98.9 Bound

DIrgs like A Drugs like B
Pamaquine ........ Mepacrine
Tolbutamide ....... Sulphafenazole
Warfarin ........ Phenylbutazone
Warfarin ........ Oxyphenbutazone, Sulfinpyrazone
Bilirubin ........ Salicylates, Sulfonamides
Methotrexate ....... Salicylates, Sulfonamides
Quinine ........ Pyrimethamine
Sulfaethylthiadiazole Phenylbutazone

generally are more soluble in lipid than when they
are ionized. In an un-ionized form they readily
cross cell membranes. Ionized drugs are generally
polar, or water-soluble, and transfer across cell
membranes will be relatively slow. For this rea-
son, weak bases are generally more rapidly ab-
sorbed than weak acids. However, absorption of
weak acids in the small bowel is achieved because
of the large surface area.'7 Some drugs, such as
iron, are absorbed best when the gastric content is
highly acid; other drugs, such as penicillin G, are
destroyed at low pH. The package insert of un-
familiar drugs should be consulted as a guide to
their administration to ensure optimal absorption.

Interactions at Plasma or Blood Transport Sites
Many drugs are reversibly bound to plasma or

tissue proteins (Table 1) and, when bound, they
are pharmacologically inert. Displacement of a
drug from its binding protein permits it to act, but
also facilitates its metabolism or excretion. The net
effect of such drug interactions depends on the
rate of administration of the second drug, the mag-
nitude and stability of the dose of the first drug,
and the relative binding constants of each com-
pound. In practice, chemically induced alterations
in the amount of drug bound by protein account
for many important toxic reactions. Sulfonylureas
such as tolbutamide are bound avidly to protein.'8
When sulfonamides are given in addition to sul-
fonylureas, the latter will be displaced and hypo-
glycemia may ensue. Studies have shown a pro-
nounced delay in the plasma disappearance rate

of tolbutamide after sulfaphenazole was adminis-
tered. Diminished hepatic metabolism or renal
clearance could be responsible for the prolonged
tolbutamide effect, but it is possible that the tol-
butamide is displaced from a plasma protein to a
tissue protein that releases it more slowly. By such
means tolbutamide's disappearance from the body
would be delayed. Likewise, phenylbutazone can
displace warfarin from its binding protein and in-
duce bleeding. Methotrexate, useful in leukemias,
and sometimes used for severe psoriasis, may be
displaced by highly acidic, protein-bound drugs
such as salicylates and sulfonamides, causing pan-
cytopenia.'9
An interaction of similar type appears critical in

antimalarial therapy. Quinacrine is very highly
protein bound. If pamaquine is given simultane-
ously or shortly after quinacrine therapy, binding
sites which biologically will inactivate the pam-
aquine are not available, and pamaquine toxicity
(gastrointestinal, hematopoietic) will be seen.20
Quinine is not bound as strongly to proteins as
pyrimethamine, and when it is given simultaneous-
ly in conventional doses severe quinine toxicity
(cinchonism, neutropenia) is produced.2'

Release of endogenous substances from protein-
binding sites can occur when acidic compounds
are administered. Bilirubin, which is ordinarily
bound to plasma proteins,22 may be released from
binding protein and contribute to kernicterus if
salicylates and sulfonamides are given during the
neonatal period.23
Many reports cite alterations in metabolism of

one drug by another as the mechanism for pro-
longed or enhanced drug effect. Unless such re-
ports are documented by appropriate pharmaco-
kinetic studies, interactions in transport cannot
be excluded as an underlying or contributing factor.

Interactions at the Receptor Site

Drug effects are determined in part by binding
to areas on tissues or cells (receptor sites) (Table
2). The amount of drug which will reach a re-
ceptor may be predicted by its affinity constant
(the ratio of association to dissociation constants of
the receptor and the drug). Knowing that an af-
finity constant is great does not aid in predicting
whether the drug will have primary or direct in-
fluence on the tissue (Table 2, Drug B). For
example, atropine has a high affinity constant for
acetylcholine receptors but possesses no pharma-
cologic action of its own. Its pharmacologic effect
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TABLE 2.-Interactions at the Receptor Site

Some drugs, like A in the chart below, combine
with receptors to form a complex that elicits a
response. The concentration of A, and its affinity
(k) for the receptor are determinants of the
response. Other drugs, like B, have affinity (K)
for the receptor, but the complex elicits no re-
sponse. If the concentration of B or its affinity
constant (K) is higher than A's, no response
will be detected. See text for description of in-
teractions.

Drug A + k Drug A-Receptor
Receptor - Complex - * Response

Drug B + K Drug B-Receptor
Receptor- Complex - No Response

Receptor Drugs like A Drugs ike B
Vessel alpha receptor Norepinephrine Phentolamine
Bessel beta receptor Isoproterenol Propanolol
Cardiac sino-atrial

node Acetylcholine Atropine
Neuro-muscular

junction Acetylcholine d-Tubocurarine
Neuro-muscular

junction Succinylcholine Gallamine
Adrenergic neuron Norepinephrine Metaraminol
Adrenergic neuron Norepinephrine Guanethidine

depends on its high affinity constant which predicts
that it will competitively block receptor binding
of acetylcholine which ordinarily elicits a tissue
response. Although acetylcholine has intrinsic ac-
tivity with the receptor, it has a lower affinity con-
stant than atropine, which blocks its tissue effects.
This effect can be reversed by adding agents which
will allow acetylcholine to accumulate and com-
pete for receptor sites (for example, cholinesterase
inhibitors like neostigmine or edrophonium) or
by infusing acetylcholine.

Some drugs are distributed to specific tissues
and have highly selective effects: D-tubocurarine
and gallamine interfere with access of acetylcholine
to motor end plates. Anti-sympathetic agents may
also work by similar mechanisms: Alpha-stimulat-
ing agents like norepinephrine are competitively
antagonized by phentolamine or phenoxybenza-
mine. Beta stimulation by isoproterenol is specifi-
cally and competitively antagonized by appropriate
doses of propranolol. The adrenergic neurone
and its granules can be considered receptors for
the storage of norepinephrine-that is, norepi-
nephrine has high affinity but negligible intrinsic
activity at this site. An example of interaction
which can lead to complex pharmacologic effects
is provided by this drug receptor complex. Am-
phetamines or imiprimines (antidepressants) have
been given during antihypertensive therapy with
guanethidine. Guanethidine must be taken up by
adrenergic neurones before it ( 1 ) depletes granular

stores of norepinephrine, and (2) prevents physio-
logic neuronal release of the diminished norepi-
nephrine stores.24 Amphetamines and imiprimines
discharge both guanethidine and norepinephrine
from the neurons, resulting in either hypertension
(if large amounts of catecholamines are released)
or loss of the antihypertensive effect of the guan-
ethidine, if it is no longer allowed access to the
receptor.25

Knowledge of the mechanism of action of such
drugs and their interaction by means of competitive
effects on the receptor are the key to proper drug
administration and understanding of adverse ef-
fects. Understanding interactions at specific re-
ceptor sites also leads to the proper choice of
effective countermeasures. For example, hyper-
tension which occurs in the example above, or
after administration of large doses of guanethidine,
could be effectively reversed by alpha blocking
agents.
Some interactions require astute and constant

observation for their detection. D-tubocurarine
and gallamine act by polarizing the motor end
plate, and are potentiated by certain antibiotics
with similar activity (neomycin, streptomycin,
polymyxin26) and by drugs that cause potassium
depletion, such as the thiazide diuretics.27 Al-
though the effects of d-tubocurarine and gallamine
(polarizing muscle relaxants) can be reversed by
cholinesterase inhibitors, this therapy is contraindi-
cated during decamethoniun (depolarizing) para-
lysis (Table 2).

Interactions by Accelerated Metabolism
Many compounds are metabolized by micro-

somal enzymes located predominantly in the liver.
Enzymatic action usually results in pharmacologic
inactivation of the drug but some drugs (dibenzy-
line, for example) require metabolic activation.
Many drugs induce hepatic microsomal activity
nonspecifically and thereby increase metabolism
of themselves or other agents28 (Table 3). Pheno-
barbital and antihistamines are frequently admin-
istered in clinical practice and often thought of as
relatively innocuous agents. Barbiturates are po-
tent microsomal enzyme inducers and can ac-
celerate the metabolism of antihistamine, cortisone,
diphenylhydantoin and other drugs (Table 3).
There is definite evidence that bishydroxycoumarin
is more rapidly metabolized when given with phe-
nobarbital. As a result, larger than usual amounts
of the anticoagulant are required for a therapeutic
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TABLE 3.-Interacions by Altered Hepatic
Metabolism of Drugs

Certain drugs are able to influence the hepatic
enzymes that metabolize drugs to inactive prod-
ucts. Those listed below are examples of known
or potential clinical importance.

Drugs that are reported to inhibit metabolism of other
drugs:

Chloramphenicol: Hexobarbital
para-Aminosalicylic acid: Hexobarbital
Oxyphenylbutazone: Bishydroxycoumarin
Methandrosteneolone: Oxyphenylbutazone
Monamine oxidase inhibitors: Perhaps many

Drugs that induce their own metabolism:
Barbiturates Phenylbutazone
Glutethimide Tolbutamiide
Meprobamate Probenecid
Antihistamines Diphenylhydantoin

Drugs that enhance metabolism of other drugs:
Phenobarbital: Hexobarbital Testosterone

Phenylbutazone Estradiol-17,0
Diphenylhydantoin Progesterone
Griseofulvin Cortisol
Bishydroxycoumarin Androstenedione

Antihistamines: Pentobarbital Androstenedione
Testosterone Progesterone

Diphenylhydantoin:
Cortisol

increase in "prothrombin time." If the sedative
drug is discontinued, as may happen when a patient
is discharged from a hospital, the dose of anti-
coagulant required to maintain the prothrombin
time in the therapeutic range will diminish. Ap-
propriate action must be taken or bleeding will
ensue. Many drugs show similar potential.28.29
30.3 1.32.33.34 Recognition of other examples of inter-
actions related to altered metabolism will ultimately
depend on clinical observations that lead to phar-
macokimetic studies which will determine precisely
the mechanisms involved in changes in rates of
disappearance of a drug.

Interactions by Inhibited Metabolism
A number of drug interactions are based on

inhibition of metabolism of one drug by the effects
of another. Such effects may be produced by
irreversible inhibition of an enzyme responsible for
metabolism of the first drug or by competing as
a substrate for the same enzyme. The xanthine
oxidase inhibitor, allopurinol, prolongs the half-
life and increases the effects of 6-mercaptopurine
by inhibiting the enzyme responsible for the latters
metabolism.35 The cancer chemotherapeutic agent
must be given in less than usual doses to prevent
serious toxicity.36 Other possible examples of the
same phenomena include potentiation of the hypo-
glycemic effects of tolbutamide and the toxic ef-

fects of diphenylhydantoin by Dicumarol®.37.38 In
turn, tolbutamide extends the half-life of a similar
chemical, sulfonamide. Such potentiation prob-
ably is produced by competition of the drugs for
metabolizing enzymes. Potentiation occurs when
sufficient amounts of drug are given to produce
saturation of the affected enzymes.
Some drugs have complex mechanisms for po-

tentiation of a second compound. Although it is
true that monamine oxidase inhibitors (MAoI for
example, pargyline and tranylcyromine) may po-
tentiate the effects of tyramine by prolonging its
half-life, inhibition of the oxidation of tyramine
accounts for only part of the MAOI potentiation of
tyramine's effect. During MAo inhibition, tissue
stores of catecholamines increase. A significant
contribution to the potentiated effect of tyramine
and other catecholamine-releasing agents is the
expanded catecholamine pool available for phar-
macologic release, in addition to actual prolonga-
tion of the catechole releasing agent's half-life.39

Altered metabolism may be solely responsible
for potentiation of the action of sedatives, narcot-
ics, anesthetics, antiparkinsons, antihypertensive
agents, tricyclic antidepressants, insulin and oral
hypoglycemic agents by MAOI, but care is required
to assess the potential contribution of alteration in
protein binding, renal clearance, or tissue respon-
siveness when one drug potentiates another.40
Likewise, potentiation of similar classes of drugs
by hydrazine derivatives such as isoniazid and
the antineoplastic agent procarbazine, may be
related to their MAOI.

Influence of Acid-Base Balance on Drug Action

One determinant of the concentration of a drug
at its receptor site is related to pH, which affects
drug distribution. The diffusion of lipid-soluble
weak acids and bases depends upon their state of
ionization. Ionized drugs diffuse poorly across
cell membranes. Intracellular sites are normally
more acidic than plasma; hence weak bases attain
higher intracellular concentrations than weak acids.
During pathologic processes, or as a result of
therapeutic interventions, plasma pH may be al-
tered, with consequent changes in the concentra-
tion of drugs at receptor sites. For example, plas-
ma phenobarbital (site of action intracellular) falls
with respiratory acidosis and coma deepens as the
drug enters cells; the reverse obtains with ventila-
tion or bicarbonate therapy.41 Mecamylamine is
a weak base with an extracellular site of action;
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TABLE 4.-Influence of pH on Drug Absorption,
Distribution, and Excretion

The diffusion of lipid soluble weak acids and
bases depends in part upon their state of ioniza-
tion in a given milieu. Ionized drugs diffuse
across lipid rich cell membranes poorly. Intra-
cellular sites are more acidic than plasma, hence
alkaline drugs accumulate in cells. Other factors
such as extensive protein binding, degree of lipid
solubility, and partition coefficient may alter the
predicted effect based upon pH of the drug
alone.

Proceis Drag A (Weak Acid) Drug B (Weak Bae)

Gastric absorption Relatively rapid Relatively slow
Small bowel absorption Relatively slow Relatively rapid
Plasma/Cell Ratio Low High
Renal clearance in:

Acid Urine Low High
Alkaline Urine High Low

Examples: Sulfonamides Antihistamines
Salicylic Acid Mecamylamine
Phenobarbital Amphetamine

acidosis increases its plasma levels and may cause
hypotension.42 Table 4 represents some commonly
used drugs which are weak acid and bases.

Drug Interactions by Altered Renal Clearance
As pH may affect cellular distribution of a drug,

so may urinary hydrogen ion concentration in-
fluence clearance of drugs by the kidney. Changes
in urinary pH induced by disease-or as a result
of therapy with ammonium chloride, sodium bi-
carbonate, thiazides or acetazolamide-may pro-
foundly influence the renal excretion of many drugs
that are weak acids or bases. Ionized drugs diffuse
slowly across cell membranes and are slowly re-
absorbed from the glomerular filtrate by the tu-
bules; hence they are cleared relatively rapidly.
Weak acids are reabsorbed poorly from an alka-
line urine and weak bases are reabsorbed poorly
from an acidic urine. Accordingly, weak acids
such as phenobarbital and salicylic acid are rapidly
cleared by the kidney during alkaline diuresis,
while basic drugs such as amphetamine or meca-
mylamine would be cleared relatively slowly.43
An interaction in the kidney may only be par-

tially accounted for by alteration in renal clear-
ance of the drug. For instance, salicylates may
interfere with the uriosuric effects of probenecid
by antagonistic action on the tubular sites of uric
acid clearance but not by actually altering clear-
ance of either drug. Likewise the ability of pro-
benecid to delay the excretion of penicillin is due
to a direct tubular effect of the former. Once again
data must be carefully analyzed before interactions
can be attributed solely to their competing renal

effects. When hypoglycemia occurred after phen-
ylbutazone was added to a regimen using aceto-
hexamide, clearance of the active metabolite
hydroxyhexamide appeared diminished.44 How-
ever, studies are needed to document this as the
sole factor contributing to the hypoglycemia.

Interactions with the Psychotherapeutic Drugs
The phenothiazines are extremely useful in psy-

chiatric disorders when patients require tranquili-
zation. However, the effects they have on the
central nervous system may predispose to potentia-
tion of barbiturates, alcohol and narcotics. Com-
plex changes in cardiovascular function are ob-
served during administration of phenothiazines.
Their central and peripheral effects may lead to
postural hypotension. Because phenothiazines can
block alpha receptors, the choice of drugs for the
treatment of hypotension is limited. If the pressor
used elicits both alpha and beta responses, the net
effect during alpha receptor blockade could be beta
mediated arterial dilation and, paradoxically, ex-
aggerated hypotension.45 If used with monamine
oxidase inhibitors, phenothiazines may produce
severe extrapyramidal reactions and hyperten-
sion.46

Phenothiazines lower the seizure threshold, and
when possible should be avoided in epileptic pa-
tients. This advice is particularly pertinent when
the patients are taking other agents like the tricyclic
antidepressants that also lower the seizure thresh-
old. Phenothiazines have a quinidine-like action on
myocardial conducting and pacemaking tissues.
Ventricular tachycardia has been reported during
phenothiazine therapy.47 Treatment of such an
arrhythmia should be similar to that used for quini-
dine toxicity, namely, induction of alkalosis, and/
or use of isoproterenol, or electrical methods.48
Use of cardiac depressant drugs like quinidine
should be avoided.
The tricyclic antidepressants have largely sup-

planted the monamine oxidase inhibitors for treat-
ment of depression. When they are given simul-
taneously with or shortly following administration
of monamine oxidase inhibitors, severe atropine-
like reactions may occur. Similar reactions may
occur when the benzodiazepines are given with
phenothiazines.49 The benzodiazepines are rela-
tively safe agents taken alone, but they potentiate
the sedative and/or atropine-like effects of alcohol,
barbiturates, phenothiazines and the tricyclic anti-
depressants. Monamine oxidase inhibitors also
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TABLE 5.-Oral Anticoagulant Interactions

Drug Putative Mechanism

DIMINISHED Anticoagulant Effect:
Cholestyramine ....... ...... Direct chemical
Vitamin K ................. Direct biochemical
Barbiturates ................ Decreased G-1 absorption
Barbiturates ................ Enhanced metabolism
Glutethimide ......... ...... Enhanced metabolism
Griseofulvin ................ Enhanced metabolism
Meprobamate ........ ...... Enhanced metabolism
Diphenylhydantoin ...... .... Enhanced metabolism
Chloral Hydrate ....... ..... Enhanced metabolism
Phenylbutazone (late) ....... Enhanced metabolism
Diazepam .................. Enhanced metabolism
Chlorpromazine ....... ..... Enhanced metabolism
? Antihistamines .

? Chlordane, DDT.
ENHANCED Anticoagulant Effect:
Aspirin .................... Direct biochemical
Propylthiouracil ....... ..... Direct biochemical
Quinidine .................. Direct biochemical
Phenylbutazone (early) ...... Protein binding
Antibiotics ................. Decreased G-1 flora
Oxyphenbutazone ...... ..... Decreased metabolism
Phenyramidol ........ ...... ?
Dextrothyroxine ....... ..... ?
Levothyroxine ........ ...... ?
Clofibrate .................. ?
Androsterone ........ ...... ?

OTHER DRUG Enhanced:
Tolbutamide: Dicumarol ..... Protein binding
Dilantin: Dicumarol ......... ?
Long acting Sulfas: Dicumarol ?

enhance the sedative effects of benzodiazepines.50
Interactions of the psychotherapeutic agents

with drugs of other categories has been recognized.
Both phenothiazines5' and benzodiazepines alter
the effects of oral anticoagulants.

Drug Interactions Conditioned by
Previous Drug Effects or Disease

In some patients, drug toxicity is not produced
by simple additive effects of drugs given simul-
taneously. Toxicity appears as a result of drug-
induced changes in the patient. For example, thia-
zide diuretics, by producing potassium loss may
predispose patients to digitalis toxicity. Likewise,
reserpine, which depletes myocardial stores of
norepinephrine, may cause undue bradycardia
when digitalis is given.52 Catecholamine depleting
agents like guanethidine and reserpine may render
patients refractory to pressor agents that depend
upon catecholamine release for their activity
(mephentermine and metaraminol). Reserpine
may also prevent uptake of administered catecholes
into storage sites and thus may render patients
hypersensitive to infused norepinephrine.5' Propan-
olol inhibits beta sympathetic responses and has.
been blamed for lack of sympathetic response to

hypoglycemia caused by insulin or sulfonylureas.14
Spontaneous variability of response to therapy

during disease states can alter the relationship be-
tween simultaneously administered drugs. During
hormonal replacement in patients with hypothy-
roidism, the dose of barbiturate sedatives and
digitalis required to maintain a stable effect in-
creases.55 Conversely, thyroid replacement would
promote a faster turnover of clotting factors and
decrease the dose requirements of anticoagulant
drugs.56 Although the mechanism is not fully de-
fined, administration of the antihyperlipemic drugs
results in diminished requirements for oral anti-
coagulant drugs.57 Antibiotic therapy which alters
intestinal flora that normally synthesize vitamin K,
reduces the prothombinopenic dose of warfarin.
Certain antibiotic combinations, especially those
involving the combination of a bacteriostatic with
a bacteriocidal agent may be antagonistic. In most
clinical settings the combinations can be avoided.58
Spironolactone antagonizes the effects of aldoster-
one, and may result in hyperkalemia if potassium
salts are given. This effect persists for several days
after spironolactone is discontinued, as the initial
onset of action of aldosterone is slow.

Conclusion
This review has emphasized the importance of

drug interactions that can occur during adminis-
tration of commonly used drugs. Other reviews are
more complete.59,60'6' The recognized drug inter-
actions for a single category of drugs, the oral anti-
coagulants, is given in Table 5. The list is long, and
will undoubtedly lengthen. The current rate of
publications in the drug interaction field is awe-
some. Two of the publications helpful in keeping
current in this area are: Clin-Alert (published by
Science Editors, Inc., P.O. Box 1174, Louisville,
Kentucky 40202) and the Food and Drug Admin-
istration Clinical Experience Abstracts (D.H.E.W.
Food and Drug Administration Bureau of Medi-
cine, Medical Literature Branch, Washington, D.C.
20204) which summarize both individual drug
reactions and drug interactions as they appear in
the literature. Another library reference of use is
Adverse Reaction Titles, Excerpta Medica Foun-
dation, New York Academy of Medicine Building,
2 East 103rd Street, New York, N.Y. 10029.

The practitioner can avoid or detect interactions
by continuing to be aware of their possibility, by
avoiding multiple drug therapy when possible, and
by carefully monitoring drug effects in his patients.
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If evidence of enhanced or diminished drug activ-
ity is seen when a new drug is added to a thera-
peutic regimen, an interaction should be suspected
until ruled out.
The number of drugs involved in interactions

and their complex interplay with disease states will
eventually require computer methods to store in-
formation about known interactions, and to pros-
pectively predict potential drug interactions based
upon information regarding the chemical and phar-
macologic properties of the agents used in patients
with given disorders. Awaiting this innovation, the
physician must protect his patients by prudence in
drug choice, and perspicacity during multiple drug
therapy.

Appendix A is a summary of selected and po-
tential (animal studies) drug interactions. Appen-
dix B is a list of the generic and trade names of
drugs mentioned in this review.

APPENDIX B
GzNEIiC AND TRADE NAMES OF DRUGS

ANALGESICS:
Aspirin (Salicylates) ....................... Aspirins
Meperidine ... .....................Demerol9
Phenylbutazone ....................... Butazolidin@
Oxyphenbutazone .................... Tandearilg
MUSCLE RELAXANTS:
Phenyramidol ............... ...... Analexin@
ANTIBIOTICS:
p-Aminosalicylic acid ............... PASO
Chloramphenicol ............ ......h.Chloromycetin@D
Griseofulvin........ Fulvicin", Grijulvin(®, Grisactin®
Penicillin...... Abbocillin9, Pentids®, Sugracillin®o, etc.
Sulfonamides ..... ... Acusul), GantanoIG, etc.
Long acting sulfonamide ................. MadribonD
Lincomycin ................. Lincocin®
Sulfaphenazole ................. Sulfabid'
Tetracycline. Achromycin*, Panmycin®, Sumycin. , etc.
Streptomycin .......... ....... Streptomycing
Neomycin ...... ........... Mycifradin®
Polymyxin ............................ Aerosporin*
Isoniazid ............. NiconylD, Nicozide®, Nydrazida
Methicillin ...... ........... Staphcillin®
Sulfaethylthiadiazole ................. Sul-Spantab®
ANTICOAGUILANTS:
Coumarins:

Bishydroxycoumarin ................. Dicumarol®
Ethyl biscoumacetate ....... Tromexan® ethylacetate
Warfarin ... Coumadin®, Panwarfin®g, Prothromadin®
Phenprocoumon .Marcoumar®, Liquamar®
Acenocoumarin .Nicoumalone®, Sintromg
Cyclocoumarol
Cumopyran®, Link Compound 63, Methopyranorin®

Heparin ................ Panheprin(® (sodium heparin)
Protamine Sulfate ................Protamine sulfate®
ANTICONVULSANTS:
Diphenylhydantoin ............ ..... Dilantin(®
ANTIDEPRESSANTS:
Monamine Oxidase Inhibitors:

Pargyline .... .......... Eutonyl®
Tranylcypromine ....... ....... Parnate®

Amphetamines:
Amphetamine ....................... Benzedrine®
Methamphetamine

.......I....I.-Desoxyephedrine(, Desoxyn®, Methidrine®
Tricyclic antidepressants:

Imipramine ........ .......... Tofranil®
Nortriptyline ........ .......... Aventyl®
Amytriptyline .................. Elavil9
Desmethylimipramine ................ Norpraming

ANTIHYPERTENSIVES:
Guanethidine ...... ............ Ismeling
Alpha-methyldopa ............Aldomet®
Mecamylamine ......... ......... Inversine®
Hydralazine .... .. Apresoline®
Reserpine......Rauloydin(, Reserpoidg, Rau-sed®, etc.

ADRENERGIC BLOCKING AGENTS:
Alpha:

Phentolamine .Regitine®
Phenoxybenzamine .................. Dibenzyline®

Beta:
Propranolol ......................... Inderal®

PRESSOR AGENTS:
Direct acting:

Alpha stimulating, norepinephrine Levophed®
Beta stimulating, isoproterenol ............. Isuprel®D

Indirect acting:
Metaraminol ......................... Aramineg
Mephentermine ....................... Wyamine®

NEUROMUSCULAR BLOCKING AGENTS:
Decamethonium ........... G®.......CI0, Syncurine®
D-tubocurarine ................. Tubarine®, Tubadil®
Gallamine ..................... .... Flaxedil®
Succinylcholine chloride...... Diacetylcholine® chloride,

Anectine®, Suxamethonium®, etc.

PARASYMPATHETIC AGENTS:
Edrophonium ....... .......... Tensilon®
Neostigmine ................. Prostigmineg bromide
Atropine ..... ............ AtropineD
ANTINEOPLASTIC AGENTS:
6-Mercaptopurine .............. ... Purinethol®
Methotrexate ............ ..... Amethopterin®
Procarbazine .................NNatulan®
ANTIMALARIALS:
Quinacrine .......... Mepacrine®, Atabrine®, Atebrin®
Pamaquine .... Aminoquin®, Deprochin®, Plasmaquin®
Quinine .... ............ Quinamm®
Pyrimethamine ....... ......... Daraprim®
SEDATIVES:
Phenobarbital ................ Luminal®, Talpheno®
Chloral hydrate ...............Noctec®, Dormalg, etc.
Gluthethamide ...... .......... Doriden®
Meprobamate ................ EquaniM®, Miltowng
BENZODLAZEPINES:
Chlordiazepoxide ....... ......... Librium®
Diazepam .... ............ Valium®
Oxazepam ................ Serax®
PHENOTHIAZINES:
Chlorpromazine ... Thorazine®, Largactil®, Megaphen®
Promazine .... ............ Sparine®
Triflupromazine ...... .......... Vesprin®
Fluphenazine ................ Permitil®, Proxlixin®
Prochlorperazine ......... ....... Campazine®
Trifluoperazine ................ Stelazine®
Thioridazine ................ Mellaril®
ANTIHYPERLIPEMIC DRUGS:
D-thyroxine .Choloxin
Clofibrate ............................. Atromid-S®
Androsterone ................ Atromid®
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DIURETIC AGENTS:
Spironolactone ....................... Aldactone®
Acetazolamide ....................... Diamox®
Benzothiadiazides: (Thiazides)

Chlorothiazide .................... ... Diuril®
Hydrochlorothiazide. Oretic®, Hydrodiuril®, Esidrix®O
Flumethazide ....................... Ademol®
Hydroflumethazide ...................... Saluron®
Bendroflumethazide ................... Naturetin®
Benzthiazide ..................... Naclex®, Exna®
Trichlormethiazide ........... Naqua®, Metahydrin®
Methyclothiazide ...................... Endurong
Polythiazide ................... .... Renese®
Cyclopenthiazide ...................... Navidrex®
Cyclothiazide ....................... Anhydron®

HYPOGLYCEMIC AGENTS:
Sulfonylureas:
Tolbutamide ....................... Orinase®
Chlorpropamide ...................... Diabinese®
Tolazamide ....................... Tolinase®

Insulin

HORMONES:
Cortisol ......... Cortisol®, Cortef®, Hydrocortisone®,

Solucortef®, etc.
Norethandrolone ......................... Nilevar®
Progesterone ..... ..... Progesterone®
Estrogens ........... EsteelD, Estinyl®, etc.
Thyroid . .Armour® thyroid, Cytomel®, Synthroidg, etc.

OTHER:
Digitalis ..... Crystodiging, Digoxing, Purodigin®, etc.
Quinidine ...... .... Quinidex®, Quinora®, etc.
Cholestyramine ... ....... Cuemiad
Kaolin ..........Kaopectate®, etc.
Probenecid .......... Benemid®
Allopurinol .......... Zyloprim®
Ethylenediaminetetracetate
Su................ EDTA®, Versene®, Edathamil®

Sulfinpyrazone .Anturaneg

ANTIHISTAMINES:
Ethylenediamines:
Antazoline .Antistine®
Chloromethapyrilene citrate N.F.

......................Chlorothen®D, Tagathen®
Clemizole HC1 N.N.D. .........Allecur®, Reactrol
Methaphenilene HC1 ...................Diatrine@®
Methapyrilene HC1 N.F.
................. Histadyl®, Thenylene®, Semikon®
Pyrilamine maleate (mepyramine,

pyranisamine) U.S.P.
... Neo-Antergen®, Paramal®, Stangen®, Thylogen®D
Thenyldiamine HC1 N...............EThenfadil®
Thonzylamine HC1 N.F. ... Anahist®, Neohetramine®
Tripelennamine HC1 U.S.P..........Pyribenzamine(

Amino Alkyl Ethers:
Bromodiphenhydramine HC1

..................Ambodryl®, Bromo-Benadryl®
Carbinoxamine maleate N.F.

...................D Clistin® (d-isomer, Twiston®T)Diphenhydramine HCI U.S.P . ...........BenadrylQD
Diphenylpyraline HC1 N.N.D. .Diafen®*, Hispril®
Doxylamine succinate U.S.P.............Decapryn®

Alkylamines:
Brompheniramine maleate N.E.

..........Dimetane® (d-isomer, Disomer, N.N.D.)
Chlorpheniramine maleate U.S.P.

... Chlortrimeton® (d-isomer Polaramine®, N.N.D.)
Dimethindene maleate N.N.D . ...........ForhistalD
Pheniramine maleate N...............Trimeton®
Pyrrobutamine phosphate N.N.D...........Pyronil®
Triprolidine HC1 N.N.D . .................Actidil®

Piperazines:
Buclizine HC1 ........... ......... Softran1
Cyclizine HC1 U.S.P. .................. Marezine@
Chlorcyclizine HC1 U.S.P. Di-ParaleneO, Perazil®
Meclizine HC1 U.S.P .................... Bonine@
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ATYPICAL CELLS IN G.I. ULCERATIVE DISEASE
"Considering our present knowledge of cells, cytologic examination is not specific
for the diagnosis of ulcerative disease of the gastrointestinal tract. The results may
be suggestive; and atypical cells may disappear in some instances when the patient
improves (this is particularly true with chronic ulcerative colitis). These findings
seem to make the technique of limited practical value. However, a knowledge of
the atypical cells which may be seen in ulcerative diseases of the gastrointestinal
tract is of more value to the cytologist in the careful cytologic examination for the
presence of carcinoma. An appreciation of the possible significance of these cells
may prevent the making of a false-positive cytodiagnosis."

-NELSON D. HOLMQUIST, M.D., New Orleans
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